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Abstract Recent research on the neural control of fe-
male sexual function is reviewed. The control of female
genital responses has not been extensively studied and
significant gaps in our knowledge remain. Sexual arousal
is largely the product of spinal level reflexes. A network
of interneurons processes the sensory information and
generate complex patterns of activities that are then
distributed to the autonomic and somatic efferents. The
spinal reflexive systems are under inhibitory and excit-
atory control from the brainstem and hypothalamic
sites. Further research is necessary to identify the
mechanisms underlying female sexual function, the
pathogenesis of sexual dysfunctions and their possible
treatment.
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The study of the neurophysiology of human female
sexual function is a field still in its infancy. There remain
today many important unanswered questions in this
area. There have been few studies and much of what is
known (or presumed to be known) is inferred from an-
imal studies, primarily in rodents, and by analogy drawn
from studies in males. The female animal studies have
been predominantly focused on proceptive and receptive
behaviors, such as lordosis, and few have examined the
central nervous control of genital responses.

In this review, I will attempt to summarize the current
state of the field. In addition, I would also like to em-
phasize the limitations of the data and the difficulties of

drawing conclusions from studies in animals and males.
Remaining questions will be highlighted and suggestions
for future research will be given.

Innervation of the pelvic organs

Motor

Comprehensive reviews of the innervation of the pelvic
organs have previously been reviewed [9, 58]. Female
pelvic innervation has been most extensively studied in
the rat [5]. In the rat, the autonomic innervation of the
pelvic organs is provided primarily by the major pelvic
ganglion [70, 102, 114]. This is a compact, triangular
structure located on the lateral margin of the lateral lobe
of the prostate in males and the cervix in females. It is
sometimes also called the paracervical ganglion [104] or
the uterine cervical ganglion [5]. Both the hypogastric
(sympathetic) and pelvic (parasympathetic) nerves in-
nervate the pelvic ganglion. Postganglionic fibers from
the ganglion innervate the pelvic organs, including the
bladder, urethra, accessory sex glands, vagina, uterus,
clitoris and penis. The largest of the nerves from the
pelvic ganglion – the cavernous nerve – provides
the vasodilatory innervation to the penis/clitoris [70].
The cavernous nerve is visibly smaller in the female, but
otherwise the organization of these nerves is quite sim-
ilar in both sexes. The vasodilation of the penis/clitoris
elicited by cavernous nerve activation is mediated by the
neurotransmitter nitric oxide [2, 22, 107].

Numerous studies have identified a variety of peptide
neurotransmitters in sensory and motor fibers inner-
vating the pelvic organs [28, 38, 60, 96, 101, 102, 104,
125, 136]. These peptides may act as neurotransmitters
when released from motor fibers. For example, it has
been determined that human vaginal blood flow and
lubrication are mediated by a peptide, vasoactive intes-
tinal polypeptide (VIP) and that the effect of VIP is
diminished after menopause [56, 72, 100, 103]. When
released from both motor and sensory fibers, they may
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also act to modulate the sensitivity of sensory fibers to
natural stimuli and the classical autonomic transmitters
norepinephrine and acetylcholine. This modulation of
excitability by petides has been described in the bladder
[79]. It has recently been reported that sensory fibers in
the skin of the penis contain receptors for melanocortin
and that melanocortin IV receptor agonists induce pe-
nile erection [141]. Similar mechanisms in the female
may be useful in developing drugs to treat sexual dys-
function.

Neuronal cell bodies can be labeled by the applica-
tion of a tracer to the axons or terminals of a nerve.
Applying tracers to the rat pelvic nerve labeled para-
sympathetic preganglionic neurons in the sacral para-
sympathetic nucleus in the lumbosacral segments of the
spinal cord [51, 93]. These neurons were located in a
compact column in the lateral intermediate gray matter.
No differences were noted in the number or distribution
of labeled cells in males or females [93].

Application of tracers to the hypogastric nerve in the
rat labeled sympathetic preganglionic neurons in the
thoracolumbar segments of the spinal cord [52, 94, 97].
The preganglionic neurons were found bilaterally in the
intermediolateral cell column and in the dorsal com-
missural nucleus in the midline, dorsal to the central
canal. There is little evidence yet that either the sym-
pathetic or parasympathetic preganglionic neurons
projecting to different pelvic organs are topographically
organized, that is, segregated into functional groups.

The pudendal nerve innervates the striated perineal
muscles, the ischiocavernosus, bulbospongiosus, exter-
nal anal and urethral sphincters [20, 59, 86, 123]. The
external anal and urethral sphincters are not signifi-
cantly different in the two sexes, but there is a pro-
nounced sexual dimorphism in the ischiocavernosus and
bulbospongiosus muscles to the extent that these muscles
are almost completely atrophied in the female rat. The
pudendal motoneurons are located in the lumbar spinal
cord. The number of motoneurons is sexually dimor-
phic, directly reflecting the dimorphism of the muscles.

Sensory

The afferent innervation of the pelvis of the female has
been extensively investigated. Anatomical studies
showed that sensory fibers from the pudendal, pelvic,
and hypogastric nerves innervate female pelvic organs.
The pudendal nerve provides sensory innervation for the
perineum, clitoris, and urethra. Increased estrogen levels
expand the size and sensitivity of the pudendal perineal
innervation [1, 63, 65]. The pudendal sensory innerva-
tion plays an essential role in eliciting lordosis behavior
[112, 113] and climax-like responses [30, 88]. The role of
hormone modulation of human female pelvic sensory
mechanisms is unclear.

Pelvic nerve sensory fibers innervate the vagina, cer-
vix, or body of the uterus, with the greatest concentra-
tion in the fornix of the vagina [12, 111]. Individual

fibers innervate only a single pelvic organ. Most vaginal
and uterine afferent fibers appear to be unmyelinated.
The vaginal and cervical innervation has been shown to
be crucial for inducing pregnancy or pseudopregnancy
due to mating or cervical stimulation [25, 62]. Stimu-
lating pelvic nerve afferents in the cervix mediate the
mating-induced release of lutenizing hormone and
prolactin [47, 49, 130]. Chemical destruction of the un-
myelinated, peptidergic sensory fibers of the cervix leads
to a decreased fertility in the rat and prevention of
pseudopregnancy following cervical stimulation [136,
137].

The hypogastric nerve of the rat contains relatively
few axons of afferent neurons [94]. However, these
neurons have been shown to be important for the pain
sensation from the uterus. The majority of hypogastric
afferents are unmyelinated [95]. Both the hypogastric
and pelvic afferents have been shown to be modulated
by hormonal factors [10, 11, 12, 117, 118].

Sensory stimuli relevant to sexual function are con-
veyed by afferents in the pudendal, pelvic, and hypoga-
stric nerves, with pudendal fibers innervating the
external genitalia and perigenital area, and the pelvic
and hypogastric the internal pelvic organs. The afferents
terminate primarily in the medial portions of the dorsal
horn and in the medial central gray matter (dorsal gray
commissure) of the lumbosacral spinal cord [91, 92, 86,
135]. The pudendal afferents have an almost exclusively
medial distribution. Visceral pelvic afferents, on the
other hand, also terminate in the lateral edge of the gray
matter in the vicinity of the intermediolateral cell col-
umn, the site of the preganglionic neurons.

There is also some evidence that vagal fibers may
convey sensory information from female pelvic organs
to sensory nuclei in the brainstem [64, 142]. The vagal
pathway remains functional after spinal cord transection
and may account for the menstrual cramping, analgesia
and orgasm reported in women with complete spinal
cord transections [142]. Further research is necessary to
determine the role of vagal sensory fibers in female
sexual responses.

Interneurons

The location of interneurons relevant to sexual function
have been identified by neurophysiological and ana-
tomical studies. Stimulation of the pudendal nerve ac-
tivated neurons in the medial portions of the
lumbosacral spinal gray [35]. Another study also iden-
tified interneurons in the medial gray of the sacral spinal
cord which responded to perineal and pelvic visceral
stimulation [55]. Another technique, c-fos, has been used
to identify spinal interneurons related to pelvic function.
Strong activation of neurons often causes expression of
the immediate early gene, c-fos, and its gene product,
Fos [120]. Stimulating genital afferents resulted in la-
beled neurons in the medial dorsal horn, the central gray
commissure, and the region of the intermediolateral cell
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column, consistent with the distribution of pelvic sen-
sory terminals. The distribution of interneurons was
similar in males and females [14, 71, 115].

The use of neurotropic viruses has been used to ad-
dress the question of pelvic interneurons. Viruses, such
as the pseudorabies virus, are picked up by nerve ter-
minals near the injection site, retrogradely transported
to the neuronal cell body, replicated, and picked up by
nerve terminals presynaptic to the infected neurons. This
allows a network of synaptically linked neurons to be
identified [24, 68]. After injection into the penis, clitoris,
or uterus, very similar patterns of labeling were observed
[81, 84, 105, 106]. The majority of labeled neurons in the
spinal cord were located in the central gray region of the
spinal cord and in the vicinity of the intermediolateral
cell column. The majority of neurons were located in
lumbosacral segments. These neurophysiological, Fos,
and transneuronal techniques all indicated that pelvic
and sexual reflexes are dependent on spinal neurons in
the central gray region of the lumbosacral segments and
that this is the spinal network that coordinates and
generates sexual responses (arousal and climax). Further
research on the neurochemistry of this network may
provide additional pharmaceutical targets for future
treatments of sexual dysfunction.

Spinal reflexes

Sexual function is based upon several spinal level re-
flexes, with modulation by supraspinal sites. Most
identified sexual reflexes are activated by pudendal af-
ferents. The most completely described is the bulbo-
cavernosus reflex. This reflex is a polysynaptic response
seen in males and females elicited by light touch pu-
dendal sensory fibers. These activate pudendal moto-
neurons to contract the striated perineal muscles [18, 87,
116, 139]. This reflex is often used as a neurological test
of the integrity of both the sensory and motor compo-
nents of the pudendal nerve. Tonic stimulation of the
clitoris could lead to the development of the orgasmic
platform, the contraction of the levator ani and cir-
cumvaginal muscles, through the mechanism of the
bulbocavernosus reflex. This reflex would also lead to
contraction of the external urethral sphincter. Stimula-
tion of the clitoris and vagina causes an inhibition of
bladder activity by inhibiting pelvic nerve activity to the
bladder and an increase in hypogastric nerve activity to
the bladder neck, leading to detrusor inhibition and
bladder neck contraction [32, 73]. These reflexes
strengthen urinary continence during sexual arousal.

Stimulation of the cavernous nerve gives rise to cli-
toral engorgement, lengthening of the vagina, and an
increase in vaginal blood flow [46, 107]. However, the
reflex mechanisms involved in sexual arousal (clitoral
erection, vaginal engorgement and lubrication) have not
been investigated in females. It is likely that female reflex
mechanisms are similar to the male. Stimulation of the
pudendal nerve sensory fibers evokes long latency dis-

charges, indicating a polysynaptic reflex, in the cavern-
ous nerve [131] and results in increases in intracavernous
pressure [13, 45]. The mechanisms underlying female
sexual responses remain to be elucidated directly.

Evidence indicates that sexual climax is also a spinal
level reflex. Following spinal cord injury, a significant
number of women are still able to experience orgasm
[128]. In anesthetized, acutely spinalized female rats,
genital stimulation gives rise to a response that resem-
bles climax in humans: rhythmic contractions of the
striated perineal muscles and vaginal and uterine con-
tractions [88]. It also includes strong activation of the
cavernous nerve, driven by both hypogastric and pelvic
nerve preganglionic activity. This response is neurolog-
ically very similar to the ejaculatory response seen in
male rats. The activity of perineal contractions during
orgasm in human males and females are also very similar
[15, 16, 17].

Ascending sensory pathways

Sexual afferents terminate in the lumbar and sacral
segments of the spinal cord. Sensory information is re-
layed to supraspinal sites via both spinothalamic and
spinoreticular pathways. The spinothalamic pathways
primarily convey the fastest fibers related to the encap-
sulated nerve endings of the phallus [23, 66]. They travel
in the dorsal columns and consist primarily of fast
myelinated fibers [23]. These fibers terminate in the
posterolateral nucleus of the thalamus and subsequently
relayed to the medial thalamus. Spinoreticular fibers
tend to be slower than the spinothalamic fibers. They
travel in the contralateral (and, to a lesser extent, ipsi-
lateral) lateral spinal columns and terminate in brain-
stem reticular formation. There is evidence that vagal
fibers may also convey sensory information from female
pelvic structures to sensory nuclei in the brainstem and
may be capable of mediating sexual responses in women
with spinal cord injuries [64].

Studies in humans have examined cortical-evoked
potentials following electrical stimulation of the dorsal
nerve of the penis/clitoris (a division of the pudendal
nerve). Evoked potentials are recorded bilaterally from
cortical areas, with the highest amplitude in the midline
(Cz-2) over the sensory cortex [44, 48]. This distribution
is consistent with pudendal representation deep in the
midline interhemispheric fissure in humans [109] and
cats [19]. The amplitudes of cortical evoked responses
are larger in men than in women [50], although slightly
shorter in latency in women [99]. The smaller size in
women may be related to fewer fibers innervating the
clitoris relative to the penis or to the greater accessibility
of stimulation of the male dorsal nerve.

Studies in children (3–13 years old) revealed that the
cortical evoked potentials from the phallus shorten in
latency with maturation and show a narrower volley
[110]. These results indicate that the nerve conduction
velocity of central nervous system (CNS) perineal sen-
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sory pathways increases and shows a greater uniformity
with maturation. However, these changes were gradual
and did not show abrupt changes around puberty. No
major differences were reported between boys and girls.
This is another confirmation that the organization of
neural pathways involved in sexual function is funda-
mentally similar in males and females.

Supraspinal nuclei

Spinal sexual reflexes have long been known to be under
descending control from brainstem sites [7]. One site has
been identified in males as important in inhibitory con-
trol of climax-like responses. Given the high degree of
similarity of this climax-like response between males and
females, it is highly likely that this region plays a similar
role in females. Neurons in the nucleus paragiganto-
cellularis receive genital sensory information in males
and females [57, 119]. The nucleus paragigantocellularis
projects directly to pelvic efferent neurons and inter-
neurons in the lumbosacral spinal cord [82]. Neurons in
this area are transneuronally labeled following virus
injection into the penis [84] and the clitoris [81]. Lesions
of this nucleus are as effective as spinal transection in
suppressing a tonic inhibition of the climax-like response
[82]. Most of the neurons in this region stain positively
for the neurotransmitter serotonin and serotonin applied
to the spinal cord inhibits spinal sexual reflexes [83]. This
is a likely candidate for mediating the high incidence of
orgasmic dysfunction seen with the use of selective se-
rotonin reuptake inhibitor (SSRI) antidepressants,
which elevate brain serotonin levels [69, 90]. Identifica-
tion of the serotonergic receptor subtype mediating the
inhibition could leads to newer antidepressants without
adverse sexual side effects and to treatments of sexual
dysfunction caused by excessive inhibitory tone.

The nucleus paragigantocellularis has been implicat-
ed in several functions, such as the modulation of pain
[4], cardiovascular control [21, 75, 78], as a relay in the
defense reaction [80], and respiratory control [36]. In
addition, the nucleus paragigantocellularis is a promi-
nent input to the locus ceruleus [3]. These findings in-
dicate that the role of this region is not necessarily
specifically involved in sexual function, but may be in-
volved in determining spinal excitability appropriate to
the behavioral and homeostatic state of the animal [85].

Several other sites have been anatomically identified
for their projections to lumbosacral spinal cord, but
their functional role in sexual response is unknown. The
lumbosacral spinal cord receives strong projections from
other serotonergic nuclei in the brainstem, the raphe
nuclei pallidus, magnus and parapyramidal region [54,
75]. There are also significant noradrenergic projections
from the A5 catecholaminergic cell group and from lo-
cus ceruleus [76, 98]. These provide a dense innervation
of pudendal motoneurons and other lumbosacral targets
[61, 124]. Future research is needed to identify the
functional significance of these projections and whether

adrenergic drugs could be used to treat sexual dysfunc-
tion.

In conventional and viral tracing studies, a projection
from Barrington’s nucleus in the parabrachial region of
the pons to lumbosacral cord has been identified [54, 77,
81, 106]. This region has long been known to play a role
in micturition [6, 67]. It has also been implicated in
pelvic contractions related to defecation and parturition
[39, 40, 41, 42, 43]. Its role in sexual responses has yet to
be investigated, but it is likely that it participates in
controlling the pelvic musculature. Future research
could be of value in developing treatment for disorders
of pelvic muscle tone, such as stress incontinence.

In the midbrain, the periaqueductal gray is known to
be an important relay center for a variety of homeostatic
functions and motivated behaviors, including sexual
function. It has extensive connections with all of the
brainstem sites just discussed and has connections with
many hypothalamic sites involved in sexual function [8].
Neurons in this area are labeled following viral injection
into the clitoris and uterus [81, 106]. The great majority
of these neurons in this region are activated during
copulatory behavior [119].

The hypothalamus is an essential site for reproduction
and sexual behavior, as well as for a very large number of
homeostatic and motivated behaviors [133]. The medial
preoptic area has long been known to play a role in
controlling male sexual behavior. Lesions of this region
severely attenuate or abolish male copulatory behavior in
every species tested [89]. However,medial preoptic lesions
do not abolish erections caused by sleep [122], exposure to
volatile odors from estrus females [74], or masturbation
[129]. Medial preoptic lesions do not decrease sexual
motivation [34]. In the male, it appears likely that the
medial preoptic area does not generate sexual arousal or
behavior, but is involved in the animal’s ability to recog-
nize a sexual partner. A similar conclusion may be true in
the female. Lesions of themedial preoptic region in female
rats resulted in greater display of lordosis but, when given
the option, females avoided male partners. A tentative
conclusion is that, in both sexes, themedial preoptic is not
directly involved in sexual motivation or performance but
with mate selection.

The paraventricular nucleus of the hypothalamus is a
likely candidate for control of genital responses. It is
known that during sexual arousal and orgasm, oxytocin
from the paraventricular nucleus is secreted from the
posterior pituitary into the blood stream in male and
female humans [26, 27]. There is a direct projection from
the paraventricular nucleus to the autonomic outflow
from multiple segments, as well as direct projections to
pelvic autonomic and somatic efferents [29, 121, 140].
The paraventricular nucleus is extensively connected
with the medial preoptic area [126, 127]. The paraven-
tricular nucleus was consistently labeled after pseudo-
rabies virus injection into the clitoris and uterus [81,
106]. Neurons in the paraventricular nucleus are
activated during copulation in female rats [37] Further
studies, such as stimulation studies and oxytocin phar-
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macological studies, are needed to further characterize
the sexual role in females of the paraventricular nucleus.

Forebrain regions involved in female sexual function
have largely been identified on the basis of Fos staining
in copulatory tests and viral staining. Medial amygdala,
bed nucleus of the stria terminalis, and some other re-
gions are most consistently identified [31, 33, 106, 134,
138]. The Fos labeling in these regions is strongly af-
fected by vaginocervical stimulation during copulation.
The medial amygdala is believed to be involved in con-
trolling sexual motivation in the male [89]. Similar
conclusions in the female can not currently be drawn.
Considering that hypoactive sexual drive in women is a
common sexual dysfunction, this question is of strong
clinical importance.

In one series of methodologically flawed studies, in-
tracranial stimulation of male and female patients suf-
fering from severe psychiatric disorders and/or brain
damage, elicited subjective pleasurable response, which
were described as sexual in nature and in some cases were
associated with reports of orgasm [53]. An area consis-
tently associated with this response was the septal region.
Electrical stimulation or stimulation with cholinergic and
adrenergic agents were effective. A functional imaging
study in women identified cortical sites associated with
visually-evoked sexual stimulation [108]. Sexual arousal
was associated with an increased activity in inferior
frontal lobe, cingulate gyrus, insula gyrus, corpus callo-
sum, thalamus, caudate nucleus, globus pallidus, and
inferior temporal lobe. This is generally consistent with
brain activation seen with sexual arousal in men [132].

Organizing principles

The control of sexual function is based upon spinal
mechanisms. The spinal cord provides the autonomic
and somatic innervation of the sexual organs. Sensory
information from the sexual organs project to inter-
neurons in the lower spinal cord. These interneurons
likely generate the coordinated activity of sexual re-
sponses. The spinal reflex mechanisms are under inhib-
itory and excitatory control from supraspinal nuclei.
These nuclei are highly interconnected. Many of them
also receive genital sensory information. It is likely that
during sexual activity, sensory activation of supraspinal
sites causes a decrease in the inhibition, and an increase
in the excitation of the spinal reflexive mechanisms by
the supraspinal sites. Higher order sensory and cognitive
processes likely modulate the activity of supraspinal
nuclei controlling sexual function.

Conclusions

There remain large gaps in our understanding of the
central nervous control of female sexual function. This
problem is especially acute with regard to higher centers.
Most of the animal work relates to receptive behavior in

female animals and very little on the control of genital
responses. There is considerably more research on these
issues in males. It is likely that there will be significant
homology between males and females in the control of
sexual function. However, significant differences may
also be present, especially in forebrain regions. There-
fore, it is unwise to assume a complete correspondence
between the male and female and to try to construct a
neural wiring diagram of the female based largely on
research in the male. Obviously, there is a tremendous
need for more research in this area.
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102. Ownman C, Alm P, Sjöberg N-O (1983) Pelvic autonomic
ganglia: structure, transmitters, function and steroid influence.
In: Elfvin L-G (ed) Autonomic ganglia. John Wiley, New
York, pp 125–143

103. Palle C, Bredkjaer HE, Fahrenkrug J, Ottesen B (1991) Va-
soactive intestinal polypeptide loses its ability to increase
vaginal blood flow after menopause. Am J Obstet Gynecol
164:556–558

104. Papka RE, Newton BW, McNeill DL (1991) Origin of gala-
nin-immunoreactive nerve fibers in the rat paracervical auto-
nomic ganglia and uterine cervix. J Auton Nerv Syst 33:25–34

105. Papka RE, McCurdy JR, Williams SJ, Mayer B, Marson L,
Platt KB (1995) Parasympathetic preganglionic neurons in the
spinal cord involved in uterine innervation are cholinergic and
nitric oxide-containing. Anat Rec 241:554–62

106. Papka RE, Williams S, Miller KE, Copelin T, Puri P (1998)
CNS location of uterine-related neurons revealed by trans-
synaptic tracing with pseudorabies virus and their relation to

99



estrogen receptor-immunoreactive neurons. Neuroscience
84:935–952

107. Park K, Goldstein I, Andry C, Siroky MB, Krane RJ,
Azadzoi KM (1997) Vasculogenic female sexual dysfunction:
the hemodynamic basis for vaginal engorgement insufficiency
and clitoral erectile insufficiency. Int J Impot Res 9:27–37

108. Park K, Kang HK, Seo JJ, Kim HJ, Ryu SB, Jeong GW
(2001) Blood-oxygenation-level-dependent functional mag-
netic resonance imaging for evaluating cerebral regions of
female sexual arousal response. Urology 57:1189–1194

109. Penfield W, Rasmussen AT (1950) The cerebral cortex of man:
a clinical study of localization of function. Macmillan Pub-
lishing Co, New York

110. Perretti A, Savanelli A, Balbi P, De Bernardo G (1997) Pu-
dendal nerve somatosensory evoked potentials in paediatrics:
maturation aspects. Electroencephalogr Clin Neurophysiol
Suppl 104:383–388

111. Peters LC, Kristal MB, Komisaruk BR (1987) Sensory inn-
ervation of the external and internal genitalia of the female
rat. Brain Res 408:199–204

112. Pfaff DW (1980) Estrogens and brain function. Springer,
Berlin Heidelberg New York

113. Pfaff DW, Schwartz-Giblin S (1988) Cellular mechanisms of
female reproductive behaviors. In: Knobil E, Neill J (ed) The
physiology of reproduction. Raven Press, New York, pp
1487–1568

114. Purinton PT, Fletcher TF, Bradley WE (1976) Innervation of
pelvic viscera in the rat. Invest Urol 14:28–32

115. Rampin O, Gougis S, Giuliano F, Rousseau JP (1997) Spinal
Fos labeling and penile erection elicited by stimulation of
dorsal nerve of the rat penis. Am J Physiol 272:R1425–R1431

116. Rattner WH, Gerlaugh RL, Murphy JJ, Erdman WJ II (1958)
The bulbocavernosus reflex. I. Electromyographic study of
normal patients. J Urol 80:140–141

117. Robbins A, Sato Y, Hotta H, Berkley, KJ (1990) Responses of
hypogastric nerve afferent fibers to uterine distension in estous
or metestrous rats. Neurosci Lett 110:82–85

118. Robbins A, Sato Y (1991) Cardiovascular changes in response
to uterine stimulation. J Auton Nerv Syst 33:55–64

119. Rose JD (1990) Brainstem influences on sexual behavior. In:
Klemm WR, Vertes RP (eds) Brainstem influences on sexual
behavior. John Wiley, New York, pp 407–463

120. Sagar SM, Sharp FR, Curran T (1988) Expression of c-fos
protein in brain:metabolic mapping at the cellular level.
Science 240:1326–1332

121. Saper CB, Loewy AD, Swanson LW, Cowan WM (1976)
Direct hypothalamo-autonomic connections. Brain Res
117:305–312

122. Schmidt MH, Valatx JL, Sakai K, Fort P, Jouvet M (2000)
Role of the lateral preoptic area in sleep-related erectile
mechanisms and sleep generation in the rat. J Neurosci
20:6640–6647

123. Schrøder HD. (1980) Organization of the motoneurons in-
nervating the pelvic muscles of the male rat. J Comp Neurol
192:567–587

124. Schrøder HD, Skagerberg G (1985) Catecholamine innerva-
tion of the caudal spinal cord in the rat. J Comp Neurol
242:358–368

125. Shew RL, Papka RE, McNeill DL (1991) Substance P and
calcitonin gene-related peptide immunoreactivity in nerves of
the rat uterus: localization, colocalization and effects on
uterine contractility. Peptides 12:593–600

126. Simerly RB, Swanson LW (1986) The organization of neural
inputs to the medial preoptic nucleus of the rat. J Comp
Neurol 246:312–342

127. Simerly RB, Swanson LW (1988) Projections of the medial
preoptic nucleus: phaseolus vulgaris leucoagglutinin antero-
grade tract-tracing study in the rat. J Comp Neurol 270:209–
242

128. Sipski ML, Alexander CJ, Rosen RC (1985) Orgasm in
women with spinal cord injuries: A laboratory-based assess-
ment. Arch Phys Med Rehabil. 76:1097–1102

129. Slimp JC, Hart BL, Goy RW (1975) Heterosexual, autosexual
and social behavior of adult male rhesus monkeys with medial
preoptic-anterior hypothalamic lesions. Brain Res 142:105–
122

130. Spies HG, Niswender GD (1971) Levels of prolactin, LH, and
FSH in the serum of intact and pelvic-neurectomized rats.
Endocrinology 88:937–943

131. Steers WD, Mallory B, de Groat WC (1988) Electrophysio-
logical study of neural activity in penile nerve of the rat. Am J
Physiol 254:R989–R1000

132. Stoleru S, Gregoire MC, Gerard D, Decety J, Lafarge E,
Cinotti L, Lavenne F, Bars DL, Vernet-Maury E, Rada H,
Collet C, Mazoyer B, Forest MG, Magnin F, Spira A, Comar
D (1999) Neuroanatomical correlates of visually evoked sex-
ual arousal in human males. Arch Sex Behav 28:1–21

133. Swanson LW (1987) The hypothalamus. In: Hökfelt T,
Björklund A, Swanson LW (eds) Handbook of chemical
neuroanatomy, integrated systems, vol 5. Elsevier, Amster-
dam, pp 1–124

134. Tetel MJ, Getzinger MJ, Blaustein JD (1993) Fos expression
in the rat brain following vaginal-cervical stimulation by
mating and manual probing. J Neuroendocrinol 5:397–404

135. Thor KB, Morgan C, Nadelhaft I, Houston M, De Groat WC
(1989) Organization of afferent and efferent pathways in the
pudendal nerve of the female cat. J Comp Neurol 288:263–279

136. Traurig HH, Saria A, Lembeck F (1985) The effects of neo-
natal capsaicin treatment on growth and subsequent repro-
ductive function in the rat. Naunyn Schmiedebergs Arch
Pharmacol 327:254–259

137. Traurig HH, Papka RE, Rush ME (1988) Effects of capsaicin
on reproductive function in the female rat: role of peptide-
containing primary afferent nerves innervating the uterine
cervix in the neuroendocrine copulatory response. Cell Tiss
Res 253:573–581

138. Veening JG, Coolen LM (1998) Neural activation following
sexual behavior in the male and female rat brain. Behav Brain
Res 92:181–193

139. Vodusek DB (1990) Pudendal SEP and bulbocavernosus re-
flex in women. Electroencephalogr Clin Neurophysiol Suppl
77:134–136

140. Wagner CK, Clemens LG (1991) Projections of the paraven-
tricular nucleus of the hypothalamus to the sexually dimor-
phic lumbosacral region of the spinal cord. Brain Res
539:254–262

141. Weinberg DH (2001) The melanocortin system: the most in-
teresting brain target for the treatment of obesity (abstract).
North Am Assoc Study of Obesity

142. Whipple B, Richards E, Tepper M, Komisaruk BR (1995)
Sexual responses in women with complete spinal cord injury.
In: Krotosku DM, Nosek M. and Turk M (eds) The health of
women with physical disabilities: setting a research agenda for
the 90’s. Paul H. Brookes Publishing Co, Baltimore

100


